1 Derivation of ESOI of a regenerative fuel cell in terms of operating parameters Two relations are useful in deriving equation (10) in the main text. First, equation (12) in the main text states that the quantity of energy that exits the electrolyzer is equal to the quantity of energy provided to the fuel cell. It is restated here.
This may be rearranged to
Second, the energy-to-power ratio R is defined in the main text (Equation 10) as R = S P FC (S3) Equation (9) in the main text expresses the ESOI e ratio of a RHFC system in terms of the operating characteristics of the components (electrolyzer, hydrogen gas storage, and fuel cell).
ESOI e = T FC P FC P lyz ζ lyz,stack 
or 
Critical literature review of PEMFC stack energy intensity
In order to determine the energy intensity of PEMFC stacks, we critically reviewed the small and disparate literature on life cycle analysis of PEMFC's (Table S2 ). [3] [4] [5] [6] We compared the life-cycle inventories reported by these four studies, normalized to 1 kW of fuel cell electric power, together with the energy intensity of production for each material (Table S3 ). 
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We encountered several methodological inconsistencies among the published studies. For example, the study by Pehnt 4 does not report the underlying figures for each component material, but only a final value.
The "Other" category in Table S3 encompasses miscellaneous inputs that were not accounted for in all studies. This includes materials such as carbon black, tetrafluoroethylene, polypropylene, and deionized water. The Primas study 5 also includes additional process inputs such as transport of compenents by rail or truck and the energy cost of buildings used for manufacture.
Karakoussis et al. 3 report quantities for several materials that are approximately 1,000 times larger than values reported by others, on a per-kW basis. For instance, the catalyst loadings are approximately 1,000 times larger than each of the other three studies, 4-6 and the carbon paper and Nafion loadings are approximately 1,000 times larger than those reported by Burnham. 6 These values reported by Karakoussis et al. for these three materials most likely reflect an order-of-magnitude error. 7 We have divided these three values by 1,000 for use in our LCI comparison (Table S3 ).
To determine the fuel cell embodied energy value, we first took the average, for each individual material, of all available values for the required material quantity per power capacity (g/kW). Separately, we determined the average, for each individual material, of all available values for the energy intensity of production (MJ/g). For each material, we took the product of these two values to find the embodied energy (MJ/kW).
The sum of these individual embodied energy values is the total energy intensity (MJ/kW). We computed a total energy intensity for the PEMFC stack value of 570 (MJ) prim /(kW) el (5.7 × 10 5 MJ/MW). The embodied energy of the generation subsystem is the product of the lifetime generation and the energy intensity:
E emb,gen = E gen ε gen (S10)
The embodied energy of the storage subsystem is the product of the corresponding quantities for storage, modulated by the fraction of total generation which is diverted to storage, φ . This reflects our assumption that the storage facility will be fully utilized.
The total embodied energy for the storage-equipped grid is then E emb,total = E emb,gen + E emb,st (S12)
Substituting equations S10 and S11, E emb,total = E gen ε gen + E gen φ ε st (S13) or E emb,total = E gen (ε gen + φ ε st ) (S14)
Finally, we restate E emb,total in terms of EROI and ESOI, using the identities in Table S4 .
We now consider the total quantity of energy dispatched from the storage-equipped grid. The energy delivered directly from the generation source (i.e. not diverted to storage) is the total quantity generated reduced by the fraction diverted to storage: equation (S23) below is revised from its earlier version in reference 8.
The quantity of energy dispatched from the storage device (i.e. the total energy out from storage) is the product of the quantity diverted to storage (i.e. the total energy into storage) and the round-trip efficiency of the storage device.
The total quantity of dispatched energy is the sum
Substituting equations S16 and S17,
Following the general definition of EROI, we state the aggregate EROI of storage-equipped grid as
Substituting equations (S15) and (S20), Table S5 details the embodied energy contributions of the different RHFC system components under the scenarios listed in Table 2 in the main text. (Table S4 ). 11 For the volumetric energy storage density of CAES, we use an approximate value for the Huntorf, Germany CAES plant of 3 (kWh) el /m 3 . 12 We assume a grid efficiency of 0.30 (MWh) el /(MWh) prim to compute an energy cost of 1.5 × 10 −4 (MJ) prim /m 3 .
To find the energy content of hydrogen per cubic meter under storage conditions, we assume a pressure range of 50 bars between the fully charged and fully discharged states, and a cavern temperature of 298 K. From the ideal gas law, this provides a volumetric density of 2.0 × 10 3 (mol H 2 )/m 3 Table 2 in the main text), the ESOI e ratio using subsurface storage in caverns is 77.
